Background: The present study was designed to evaluate Ciprofloxacin residue and their impact on some biomolecules (albumin, total protein and cholesterol) in eggs of laying hens after oral administration. For that purpose, One group (A) of laying hens (n = 20) were orally administered 10 mg⁄kg ciprofloxacin for five consecutive days. The second group (n = 10) was untreated controls. Eggs were collected from day one of treatment and up to 25 days after withdrawal of treatment. Egg white and yolk from each egg were separated, and ciprofloxacin residues and biomolecules were analyzed by high-performance liquid chromatography method with fluorescence detection and humalyzer having commercial assay kits respectively. Results: Ciprofloxacin was detectable in egg white on the first day of treatment in higher concentrations (1755 μg⁄kg) while at lower concentrations (362 μg⁄kg) in egg yolk. In both medium, concentrations increased during five days treatment period. After withdrawal of treatment, eight days and fourteen days were required to deplete the drug residue below the established LOD in albumen and yolk respectively. On the other hand, cholesterol level increased while albumin and total protein level decreased during treatment period. All these biomolecules returns to their normal level at about seventeenth or eighteenth day from the day of treatment. In all cases, the differences in drug residue concentrations and biomolecules concentrations during treatment and post treatment in egg were found significant. Conclusion: Based on the time needed for residue to deplete below the LOD, we can estimate that, within twenty days of treatment period, egg contents could contain harmful residue which can deplete the nutritional value of egg and thus could cause severe disease for consumer as well whereas it is safe after that period.
Background
During the last one decade, poultry industries have developed to enormous scale. Nowadays antibiotics especially fluoroquinolones are used on a large scale in poultry industry to cure or prevent diseases to stimulate growth. Fluoroquinolones constitute an intensifying group of synthetic antibiotics which is widely used in the treatment of infections in both human and veterinary medicine.
A number of these drugs have been approved to be administered in broiler chickens for the prophylaxis and treatment of respiratory, renal and digestive infections in different areas of the world (Anderson & Macgowan 2003; Martinez et al. 2006) . Fluoroquinolones are one of the few classes of antimicrobial agents having activity against the full range of pathogens involved in broiler chickens, such as Campylobacter jejuni, Salmonella, Shigella or Escherichia coli etc.
It is almost impossible to yield food of animal origin which is completely free from traces of drugs or chemicals (Campbell 1978) . Even if no further drug transfer occurred after the dosing period, hens would still store drug residues in egg yolks and white for several days to weeks in future (Donoghue et al. 1997) . These residues comprise of the parent compound or compounds derived from the parent drug (or both), including metabolites, conjugates and residues bond to macromolecules. Again, biomolecule parameters in serum and egg may provide valuable information for evaluation of health status of birds and reflect many metabolic alterations of organs and tissues (Rivetz et al. 1977) . One experiment showed that Ciprofloxacin has toxic effect on some biomolecule parameter in chicken's serum (Salih 2010) . But there is no previous study about how ciprofloxacin effect on biomolecules in egg. Currently, the extensive practice of ciprofloxacin in the poultry industry has become a matter of concern because it has led to the emergence of resistance in Salmonella serovars (Esaki et al. 2004; Zhao et al. 2006; San Martı'n et al. 2008) , Campylobacter spp. (Griggs et al. 2005; Humphrey et al. 2005; Luangtongkum et al. 2009 ) and E. coli (Khan et al. 2005; Lee et al. 2005; Lapierre et al. 2008) . Residues contained in human food of animal origin may significantly affect the life and health of human causing many troubles as allergic phenomena, sensitization, teratogenic, carcinogenic effects and antibiotic resistance (Michell et al. 1998) . Eight thousand and eleven thousand people were infected with fluoroquinolone resistant camphylobacter from eating chickens in 1998 and 1999 respectively in whole world. This circumstances advances public health concerns regarding reduction in the clinical efficacy of FQs in human medicine (Norstro¨m et al. 2006; Skjøt-Rasmussen et al. 2009 ). This devastating history may have adverse effect on consumer confidence in animal product. Considering the above-mentioned issues and the fact that no depletion studies have been reported for ciprofloxacin along with its effect on biomolecules in egg, our study investigates the presence of ciprofloxacin residues in egg albumen and yolk during and post therapeutic treatment via oral routs and determine how many days/weeks still need for eggs to be contaminated with drug residue after the dosing period (withdrawal period) and determine the selected biomolecules level to reduce the potential unintentional contamination of this important food commodity. The withdrawal period can be also defined with the time required for the residue to reach safe concentration from this study. Since no residual tolerance level has been established for ciprofloxacin in eggs, the present study was observed up to the limit of detection (LOD) of the method.
Methods
This work was performed in the Poultry Research and Training Center (PRTC), Chittagong Veterinary and Animal Sciences University, Chittagong, Bangladesh.
Animals and samples
Thirty White Leghorn laying hens were used for this experiment. Hens were maintained from 16 weeks of age in conventional cages with an automated system for temperature, humidity and ventilation control. The birds had ad libitum access to water and no medicated feed. The ration was maintained according to breed standard requirements and was formulated by an avian expert. Experimental animals were kept in conditions in compliance with animal welfare guidelines approved by the Bioethics Committee of the Veterinary Medicine Faculty, Chittagong Veterinary and Animal Sciences University. During the experiment, an avian medicine veterinarian observed the hens.
The animals were randomly allocated into two experimental groups: one group of 20 chickens (A) and one group of 10 chickens (B). Group A was treated with a ciprofloxacin 10 % solution, 10 mg/kg.bw −1 . Group B was the untreated control group. Animals were treated individually once daily for five successive days. The drug was administered using a gastric catheter to ensure proper ingestion of the dose. From day one of treatment and during 25 days after treatment, eggs from each group were collected and preserved at 4 ± 1°C until chromatographic analysis. Egg white and yolk were analyzed separately.
Chemicals and reagents
The oral commercial formulation used in the experiment, Ciprofloxacin 10 % solution was purchased from the national market (Neofloxin, Beximco Pharma Limited, Bangladesh). A standard of CIP was supplied by Globe Pharmaceuticals, Bangladesh. The LC-grade acetonitrile was supplied by Fisher Chemicals (NJ, USA). The LCGrade acetic acid, absolute ethanol and hexane were from Merck (Darmstadt, Germany). All other reagents were of analytical reagent grade and were obtained from Merck. Standard solutions of ciprofloxacin were prepared in aqueous 0.03 M NaOH at 1000 μg/mL and stored at 4 ± 2°C in the dark for no longer than 3 months. Working standard solutions were prepared from the standard solution immediately before extraction.
Analytical process
Egg white and yolk were separated and homogenized individually. The extraction protocol was based on the one developed by Zeng et al. (2005) . Concisely, 1 g of homogenized sample was placed into a 50-mL polypropylene tube and 4 mL of an acetic acid/ethanol (1:99) solution was added. Samples were shaken for 5 min, and 500 μL of acetonitrile and 4 mL of the acetic/ethanol solution were added to yolk samples. Then, white and yolk samples were placed for 30 min in a shaker, and samples were centrifuged for 20 min at 5000 rpm. The upper layer was transferred into a 10-mL glass tube and evaporated under nitrogen stream at 40 ± 2°C; the residue was dissolved with 500 μL of acetonitrile. 2 mL of hexane was added to the samples and were shaken and sonicated, and the upper layer was discarded. The hexane defeating step was repeated in yolk samples. The lower layer was evaporated under a nitrogen stream and the residue was dissolved with 500 μL of mobile phase. Samples were transferred to an eppendorf tube and again centrifuged at 7000 rpm for 10 min. The upper layer was filtered by a Millipore filter to an HPLC vial. Residues were separated by liquid chromatography and identified by fluorescence detection (HPLC-FL). Total protein, albumin in egg white and cholesterol concentration in egg yolk were determined in the Humalyzer, Microlab 200 using commercial assay kits (Biolabo, France).
The LOD of the method was 0.5 μg/kg for ciprofloxacin. To evaluate the repeatability and reproducibility of the method, fortified samples at three levels (1, 10 and 100 μg/kg) were prepared by spiking 1.0-g blank egg white or yolk homogenate with 40 μL of ciprofloxacin working solution. Six replicated samples at each level were prepared and analysed under the same experimental conditions during the same day and on different days. The mean recoveries were as follows: ciprofloxacin 79 % for egg white and 87 % for egg yolk. The precision of the method expressed as CV (%) was as follows: ciprofloxacin 17.2 % in egg white and 12.5 % in yolk.
Evaluation of drug residue and biomolecule concentrations in egg white and yolk during treatment and post-treatment Eggs were collected from the first day of treatment to quantify ciprofloxacin and biomolecules (albumin, total protein and cholesterol) concentrations in egg white and yolk during treatment and post treatment. Five egg samples from each day of treatment were collected from Group A and B and then ciprofloxacin residue and selected biomolecules concentrations were analyzed. Finally, the depletion of ciprofloxacin in both egg compartments and its effect on biomolecules were evaluated.
Statistical analysis
Data were stated as mean ± SE, the data were analyzed by (ANOVA). Significant difference between drug concentrations and biomolecules in both egg compartments during treatment and post treatment were assessed using students' t test. P < 0.05 was considered as statistically significant (SAS SAS/STAT Users Guide 1989).
Results
Ciprofloxacin concentrations in egg white and yolk during the experiment are shown in Fig. 1 . Ciprofloxacin residues were identified in egg white from the first day of treatment with mean drug concentrations of 1755 ± 197 μg/kg having gradual increase during all the treatment administration period. It is also found that residues in egg white dropped rapidly from the concentration of 2394 ± 497 μg/kg, on the first day following withdrawal of the drug, to 29 ± 6 μg/kg on the eighth day following withdrawal of the drug, and were not detectable by the thirteenth day after treatment. In egg yolk, ciprofloxacin residue on the first day of treatment (362 ± 139 μg/kg) was considerably lower than in white. Moreover, ciprofloxacin concentration in yolk constantly increased reaching 962 ± 218 μg/kg on fifth day of treatment. After withdrawal, the concentration of Ciprofloxacin in yolk continued to increase until day three, when it reached a maximum concentration (1682 ± 197 μg/kg). On the fourth day after withdrawal, the concentrations in egg yolk started to decrease, and residues were not detectable by the seventeenth day from the day of treatment in any eggs. According to the statistical analysis, the differences of the Ciprofloxacin residue concentrations during treatment and post treatment statistically significant (P < 0.05), when compared to control.
In Fig. 2 , it was found that cholesterol level in egg yolk increased gradually up to nine days, when it reached the maximum concentration. From tenth day, the concentration decreased constantly up to sixteenth day. After that day, the concentration remained constant and reached to its normal level when compared to controlled group. But in Figs. 3 and 4 , it was found that albumin and total protein level in egg white showed just opposite result of the cholesterol level. Both of the biomolecules decreased gradually up to seven days reaching their minimum concentration. From the day of eight, the concentration increased constantly up to sixteenth day. After that day, the concentration remained constant and reached to its normal level in comparison to controlled group. According to the statistical analysis, the differences of the biomolecules concentrations during treatment and post treatment were found statistically significant (P < 0.05).
Discussion
Ciprofloxacin is a major, active metabolite of Enrofloxacin in different species and is formed by the de-ethylation of Enrofloxacin. Ciprofloxacin was the first of the two compounds to be developed and is only approved for use in humans (Tyczkowska et al. 1989) . Veterinary drugs can be absorbed by the digestive tract of laying hens and transferred to the egg. Physicochemical characteristics of these compounds determine their pharmacokinetic behavior and distribution to and within egg compartments. Traditionally the quite lipid soluble drugs are expected to yield residues only in fat-rich yolk. However, the quite lipid soluble drug as well as many other drugs-showed higher residues in white than in yolk during long term administration (Kan & Petz 2000) . Literature data on the distribution of drugs between egg white and yolk showed a reasonable consistency within drugs (Kan & Petz 2000) . Concern of antimicrobial residues found in meat, milk or eggs after an antibiotic animal treatment are related to the probable induction of allergic reactions in humans and the resistance of human enteric bacteria.
In this experiment, a 5-day treatment was implemented because it is the standard number of days used with fluoroquinolones administration to laying hens. The number of animals for each experimental group was developed to comply with the veterinary guidelines for the harmonization of withdrawal periods. Twenty laying hens were allocated to experimental group A, to obtain at least five eggs per day for the HPLC analysis during the depletion period. Eggs of the untreated control group were used to validate the method and to compare the experimental study. Fluoroquinolone depletion from egg white and yolk can be correlated with the egg formation process. The whole egg formation takes about 12 days. Lipoproteins synthesized in the liver are the main components of the egg yolk. The maturation process finalizes in about 10 days. The egg white is mainly developed by watersoluble proteins secreted by the hen oviduct (Donoghue & Myers 2000; Kan 2003) . The distribution of the drugs between egg yolk and white is determined by the physiologic processes (Kan & Petz 2000; Donoghue & Hairston 2000) . For this reason, Ciprofloxacin residues were noticed from the first day of treatment in high level average concentrations of over 1100 μg/kg.
In this study, Ciprofloxacin residues in egg white remained gradual increase during the 5 days of treatment. In egg yolk, Ciprofloxacin residues were detectable after the first day of treatment but the average concentrations were inferior to white. The residue increased during the 5 days of drug administration (from 362 to 962 μg/kg). Residues in yolk accumulate during growth of the follicle, and therefore, depending on the length and time of exposure to the drug relative to yolk deposition, drug levels can increase, constant or decrease (Kan 2003) . According to Kan and Petz (2000) , residues of drugs in yolk generally required exposure for about eight to ten days to reach its constant level. However, Donoghue et al. (1996) describes that a single exposure to a drug might be adequate to detect the drug in either egg white or yolk, depending on the characteristics of the drug and sensitivity of the analytical method applied. Gharieb and Atti (2011) designates that, 5 days of therapeutic treatment resulted a Ciprofloxacin residue in egg white and egg yolk until 6 days post-oral administration. During the depletion study, after drug withdrawal, Ciprofloxacin residues showed different depletion profiles in egg white and yolk. In egg white, Ciprofloxacin residues dropped rapidly from day one to day four after withdrawal and were detectable up to fourteenth day from the day of treatment. In egg yolk, Ciprofloxacin concentrations were lower than in egg white, but they were noticeable until eighteenth day from the day of treatment.
On the base of our findings, we propose that yolk is a better medium than white for monitoring ciprofloxacin residue in eggs. The results obtained for ciprofloxacin were almost similar to previous studies. Cornejo et al. (2011) revealed that, 8 days and 10 days are required for enrofloxacin residues in egg whites and yolk respectively to deplete below the established LOD while 26 days and 20 days are required for flumiquine residues in egg whites and yolk respectively. Lolo et al. (2005) reported that enrofloxacin with ciprofloxacin residues were detectable in both white and yolk for 15 days after drug withdrawal in concentrations of 6.4 and 3.5 μg/kg, respectively. Similar studies have been carried out with other fluoroquinolones. Yang et al. (2006) studied danofloxacin depletion in eggs and reported that the residues were detectable up to day four in albumen and up to day eleven in yolk. This depletion profile was longer than the one described by Chu et al. (2002) for total radioactive residues of sarafloxacin, which were detectable for up to 1 day in egg white and for 6 days in egg yolk. According to Kan (2003) , the reason for the different distribution in egg white and yolk of the fluoroquinolones may be because of the differences in liposolubility and physicochemical characteristics of the drugs, such as their molecular weight, pKa value and binding capacity to plasma proteins (Kan & Petz 2000) . Although there is no universal agreement regarding fluoroquinolone distribution, some researchers defined that these drugs accumulate mainly in the yolk, being deposited and combined to this matrix during the egg development (Donoghue & Hairston 2000) . In another study, Donoghue and Myers (2000) showed that drugs can be fused in developing egg yolks, even after a single dose. However, other researchers (Kan 2003; Donoghue et al. 1996; Riberzani et al. 1993; Gorla et al. 1997; Roudaut 1998) suggested that fluoroquinolone residue content is higher in egg white.
Following the depletion study, we tried to find out the effect of Ciprofloxacin on the selected biomolecules (albumin, total protein and cholesterol) in egg during the whole experimental period. Cholesterol level continued increase constantly even after withdrawal period, up to four days from the day of treatment, while albumin and total protein level remained decrease constantly even after withdrawal period, up to two days from the day of treatment. This findings is similar to another study, where the significant effect of ciprofloxacin for twenty days of experimental period on some biomolecules in blood serum of chickens was found (Salih 2010) . Our findings prove that there is significant correlation between the drug residue and biomolecules concentration in egg.
The high levels of Ciprofloxacin residues in egg white and yolk can involve some risks to human health such as adverse effects on bacterial flora in the human gastrointestinal tract, and the emergence and dissemination of resistant bacteria (Anderson & Macgowan 2003; Liu et al. 2005; Nelson et al. 2007 ). Again, the high level of cholesterol in yolk may cause severe cardiovascular disease. Therefore, the egg withdrawal time following Ciprofloxacin administration to laying hens should be established by regulatory authorities to minimize the risks associated with consumption of fluoroquinolones. Moreover, before any drug can be marketed for use in food-producing animals, three significant considerations must be addressed: 1) identify and measuring residues in edible tissues 2) determining from toxicity tests the conditions for the safe use of the drug with respect to the persistence of the residues 3) assuring in the use that residues don't exceed the amount which is regarded as safe.
Conclusion
Our present study showed that almost ten days is required for Ciprofloxacin residues in egg whites to deplete below the established LOD (0.5 μg/kg) and fourteen days in egg yolks. It also demonstrated that cholesterol, albumin and total protein level become normal concentration after twenty days from the beginning of treatment. Considering that no MRL have been established for ciprofloxacin in eggs and its effect on biomolecules, we recommend egg withdrawal times of fifteen days after 5-days administration of Ciprofloxacin in legislation the whole egg is considered and not separately the egg yolk and the egg white. We also suggest that, egg yolk is the ideal matrix for ciprofloxacin residue monitoring in eggs and after twenty days from the day of treatment, ciprofloxacin residue depletes to its undetectable level and biomolecules returns to their normal concentration. So, within twenty days of treatment period, egg contents could contain harmful residue which can deplete the nutritional value of egg and thus could cause severe disease for consumer while it is safe after that period. Hence, further research is desired to find out any effect of Ciprofloxacin on other biomolecules in eggs following other route of administration. 
